INTRODUCTION
Sol's primary interest throughout his career of more than 40 years was nuclear reactor physics. Although most of his time after coming to Brookhaven National Laboratory (BNL) was devoted to managing the nuclear data program at BNL, he continued to devote some time to research and to publishing his results. Sol received his Ph.D. in physics from Rensselaer Polytechnic Institute in 1964 while working at nearby Knolls Atomic Power Laboratory where he had been employed since 1952. In 1964 he joined the BNL Nuclear Cross Section Evaluation Group headed by Charles Porter. Soon thereafter, on the death of Porter, he was promoted to lead that group. He remained at BNL until his retirement on June 30, 1995. During that time, Sol spent one sabbatical at Harwell laboratory, measuring neutron reaction data and one year teaching mathematics at Dowling College on Long Island. From 1992 until 1995, Sol worked for the Defense Nuclear Facilities Safety Board while on leave from BNL. The two authors have been closely associated with Sol since his arrival at BNL 40 years ago.
EARLY YEARS AT BROOKHAVEN
We both first met Sol at Brookhaven in May 1965 at a European Nuclear Energy Agency / US Atomic Energy Commission (ENEA/USAEC) sponsored seminar entitled "The Evaluation of Neutron CrossSection Data" that he had organized. All the leading figures in the neutron reaction data evaluation field in the United States and Europe were in attendance. At that time, there were many nuclear data evaluation activities being carried out independently in laboratories and commercial organizations throughout the United States and Western Europe. Little was known at that time about the data evaluation effort in Eastern Europe and the USSR. There was an international collaboration of note that had been established between the United Kingdom's Aldermaston Laboratory and the US laboratories at Los Alamos and Livermore. This collaboration had adopted the Aldermaston format for storage of evaluated nuclear data.
The papers presented at the seminar discussed the evaluation of data, the storage and processing of data, and developments in nuclear model code calculations. The seminar conclusions prepared by Ira Zartman (USAEC) and R. P. Perret (ENEA) recommended (1) that evaluation be carried out by groups working together in an open manner, (2) that two nuclear data centers, one for the US and one for Europe, be established, and (3) that evaluated nuclear data files should be produced through international cooperation and be freely available.
The next three years were exciting ones in his career. Following a report by an independent panel known as the "Harris Report," Sol's nuclear data evaluation group was merged with the BNL nuclear data compilation group known as the "Sigma Center" to form the National Neutron Cross Section Center (NNCSC) with Sol as the director. At about the same time, comparable neutron data centers were established, one by the ENEA in Saclay near Paris under D. W. Colvin and one by the International Atomic Energy Agency (IAEA) in Vienna under Carl Westcott. The primary motivation for the national consolidation and international collaboration was the increasing need for nuclear data in the nuclear power industry both in the USA and abroad. Under Sol's leadership, the NNCSC nuclear data activities were fully computerized. By 1969, the NNCSC had purchased its first computer, a DEC PDP-11, that could provide selected data from magnetic tape archives to researchers in the growing cross-section measurement and evaluation communities.
When working cooperatively in a national or international environment, Sol clearly understood the value of personnel exchanges wherein each side can obtain a better understanding of the other members of the cooperating team and their work. One of the first international personnel exchanges brought Hans Lemmel from the newly formed IAEA Nuclear Data Section to work at BNL. Hans went on to lead the IAEA information services activity until his retirement. Numerous individuals have been employed by both BNL and the IAEA data centers at different times during their careers. As part of the US nuclear data evaluation program, an "industrial participants program" was developed to bring staff from industrial organizations such as IBM, Atomics International, General Atomic, and Babcock and Wilcox to BNL for one year to work with his evaluation group.
Recognizing the value of international collaboration, Sol was tireless in his promotion of such efforts. In 1969, with the strong support of the second author, then head of the IAEA's Nuclear Data Section, a formal collaboration of the neutron data centers at Brookhaven, USA; Saclay, France; Vienna, Austria; and Obninsk, USSR, sponsored by the IAEA known as the "Four Center Network" was established. A common computer format was developed to exchange compiled experimental neutron cross-section data among the four data centers. This format, called EXFOR and later expanded to handle also non-neutron nuclear reaction data is still the international medium of nuclear reaction data exchange to this day. Some of the very first data exchanges on magnetic tape of any kind with the USSR were carried out under this agreement.
The "Four Center Network" met annually at one of the cooperating centers under the IAEA umbrella to discuss administrative and technical matters relating to the exchange. The data compilation and dissemination and other information services were divided into four geographical regions, Brookhaven being responsible for the United States and Canada, Saclay for Western Europe and Japan, Obninsk for the USSR, and the IAEA for the rest of the world, i.e., essentially all the developing countries. Given the strength of his personality and the organization that he developed at Brookhaven, Sol played a leading role in these meetings. One significant responsibility that BNL did not share with the other three centers was the preparation of bibliographic entries for the Computer Index to Neutron Data (CINDA). The AEC Technical Information Center at Oak Ridge, Tennessee was the responsible US partner in this ENEA activity from 1967 to 1975, after which date this task was transferred to Brookhaven and become part of the "Four Center" responsibilities. In 1976, the "Four Center" network was expanded to cover chargedparticle and photonuclear reaction data and Brookhaven assumed responsibility for compiling charged-particle reaction data as well as neutron reaction data.
EVALUATED NUCLEAR REACTION DATA
In 1966, Sol was asked by the director of the USAEC Division of Reactor Development and Technology (DRDT) to develop a reference file of evaluated nuclear data for the United States. Tradition has it that Henry (Hank) Honeck and a few friends developed the concept of a national reference file of nuclear reaction data that would be application independent in a bar in Washington, DC. Hank started to design a format and processing programs that looked very much like the Aldermaston format. Sol quickly recognized the importance of this concept. While Hank was on a one-year leave of absence from BNL working for Ira Zartman at the AEC's DRDT, Sol was developing plans to create a national organization that would produce a US-evaluated nuclear data file. Sol convened a planning meeting in late 1965 at which DRDT and Office of Naval Research laboratories were represented. The Cross Section Evaluation Working Group (CSEWG) was born. There was general dissatisfaction with the proposed Aldermaston-like data format, so Hank Honeck was given the task to revise the format. The result was the ENDF format, which later, with the strong support of the IAEA Nuclear Data Section, was to become the international evaluated nuclear data exchange format.
The first meeting of CSEWG was held at BNL in June 1966 with Sol as chairman. Committees, led by individuals whom Sol trusted to complete their assigned tasks, carried out the work defined by the CSEWG organization. The two most powerful committees were the Data Testing Committee under Paul Greebler (General Electric) that was responsible for the quality of the evaluated data and the Formats Committee under Henry Honeck (now at Savannah River) that was responsible for the ENDF format and the associated processing codes. The library was to be called ENDF/B. The first version of ENDF/B released in 1968 was produced cooperatively by DRDT-funded organizations and the US Naval Reactor Laboratories. The production of the first US evaluated nuclear data file within two years of its conception was a major accomplishment that would not have occurred without Sol's leadership and organizational skills. Soon thereafter, all US groups doing nuclear reaction data evaluation joined in to create an organization that continues to this day and is the model for the production of all international evaluated nuclear data files. The internal structure of CSEWG remained unchanged for fourteen years during which four different versions of ENDF/B were released.
Each release of ENDF/B has had a theme or driving force. ENDF/B-I was largely driven by the need to provide a benchmark for the AEC when it was evaluating competing thermal reactor designs. ENDF/B-II followed soon after version I in order to fix the shortcomings that were found when the file was tested in practical situations. ENDF/-III, -IV, and -V were driven largely by the new data needs of the developing fast reactor program. CSEWG pioneered in the expansion of the evaluated nuclear data files during this time by creasing the maximum incident neutron energy, including data covariance information and providing radioactive decay data. The demise of the US Clinch River Fast Breeder Project resulted in a dramatic decrease in the resources available in the US for nuclear data evaluation. The Brookhaven center lost its nuclear data evaluation capability at this time, a capability only now being restored. Sol succeeded in convincing the DOE Office of Energy Research to support the production of ENDF/B-VI that would be dedicated to fusion. Incident energies up to 50 MeV and format changes were required to accommodate the many new reactions and the new physics implied by this higher energy limit. Sol successfully led this transition in emphasis for the CSEWG organization.
In the intervening years, organizations based on the CSEWG model have been created in Europe, Japan, Russia, and China, each producing an evaluated nuclear data library. The ENDF format was adopted by each of these projects. However, it was only in 1989 that a collaborative network of these five nuclear reaction data evaluation projects was formed under the auspices of the Nuclear Energy Agency (NEA). This NEA-sponsored activity has successfully promoted a large number of collaborations that have resolved some longstanding data problems. Only now had the three recommendations of the 1964 AEC/ENEA seminar been implemented, Sol playing a leading role in all three.
Sol developed an interest in high-energy evaluations, that is, evaluated data files for incident particles greater than 20 MeV. High-energy particle transport was usually calculated by Monte Carlo methods from first principles rather using evaluated data libraries. The method worked well above 1 GeV, but less well as the incident particle energy decreased. You will hear about a pioneering project to provide evaluated data libraries in the energy range from 20 MeV to 1 GeV from the next speaker, Tokio Fukahori who spent more than one year at the NNDC working with Sol to provide the first evaluations in this energy range for ENDF/B.
NUCLEAR STRUCTURE AND DECAY DATA
Sol was never afraid to take on new responsibilities and develop new programs as exemplified by the successful development of the CSEWG organization and the ENDF/B data library. In 1975, the Energy Research Division of ERDA (the USAEC's successor organization) asked Sol to coordinate US activity and to develop an international network for evaluating nuclear structure and decay data. The existing program involving the Nuclear Data Project at Oak Ridge Laboratory and at the Table of Isotopes Project at Lawrence Berkeley Laboratory was largely oriented toward the basic research community. Both organizations worked independently and were having difficulty keeping up with the assessment of new data without additional resources.
The ERDA program manager decided that the US effort to evaluate this kind of data needed to be reorganized. In response to his request, Sol led an NNCSC team to review the situation and prepare a proposal for ERDA consideration. This was a technical area where the NNCSC had no prior experience. Prior experience was largely in the applied nuclear reaction physics area, although we did have one staff member who had published nuclear structure evaluations in the Nuclear Data Sheets before coming to the NNCSC. NNCSC staff visited each of the existing centers and consulted with experts in the field before preparing and submitting its proposal. The central recommendation of the NNDC proposal was for NNCSC to coordinate a US network and to develop an international network of nuclear structure and radioactive decay evaluators. A competing proposal was received from Lawrence Berkeley Laboratory.
At that time, there was a National Academy of Sciences Panel that had an advisory role to the nuclear structure evaluation work of ERDA. Harry Gove from the University of Rochester headed the panel that included Herman Feshbach of MIT and John Schiffer of Argonne National Laboratory. The panel held a meeting to review the NNDC proposal at MIT. There was a considerable amount of skepticism about the NNCSC proposal among the panel. What experience did NNCSC have in this field? But Sol had no fear of walking into this den of lions! I never saw their report but NNCSC was given the responsibility to carry out its proposal. At that time the NNCSC was renamed the National Nuclear Data Center (NNDC) to reflect the added responsibility.
The first step in implementing that proposal was to add new evaluation groups at the NNDC and at the Idaho Nuclear Laboratory. Then Sol convened a meeting of all the US groups to establish a national coordinating organization and to assign the nuclear structure evaluation responsibilities using the CSEWG model. The bibliographic and database responsibilities remained with the Oak Ridge Nuclear Data Project. The discussions were at times heated but eventually assignments by atomic mass were agreed. The next step was to internationalize the effort to cover those nuclear masses that were not chosen by the US evaluation centers. Approximately two years earlier, in 1973, the IAEA had sponsored a meeting of groups from the US and other countries to discuss the evaluation of nuclear structure and decay data. The meeting concluded that this work should be carried out as a coordinated international effort. The lone dissenter had been the head of the Nuclear Data Project. Sol turned again to his old collaborative partner, the second author, who agreed to organize an IAEA meeting to try to expand the US collaboration into an international one. Most of the groups who attended the 1973 meeting attended this meeting with the addition of other interested groups from Germany, Japan, Belgium, and Sweden. The negotiations again were difficult. In many cases, the US groups had already selected masses that were of most interest to the international groups. In the end, compromises were reached and the Nuclear Structure and Decay Data Network was formed under IAEA sponsorship. This network continues to this day to be responsible for the evaluation of nuclear structure and decay data and the contents of the internationally generated Evaluated Nuclear Structure Data File (ENSDF) as published in the Nuclear Data Sheets journal.
SERVICES
The tradition of providing information to users of nuclear data in published form predated Sol's tenure at the NNDC. BNL was famous for its "Barn Book" (BNL-325). Sol presided over the production of the first Barn Book to be published from computer files. When the responsibility for production of the Nuclear Data Sheets was transferred from ORNL to the NNDC in 1980, the decision was made to produce photoready copy integrating both text and figures in a single output file that could be processed by a hard-copy device, first a high-resolution film plotter, and later a laser printer. The next and last Barn Book was published in 1988 using the same techniques.
Under his direction, the NNDC pioneered in providing electronic access to our databases. As early as 1975, Knolls Atomic Power Laboratory was given telephone access to the NNDC computerized databases when preparing the GE Chart of the Nuclides. In 1985, NNDC introduced the first public access to our databases using the DOE-sponsored High Energy Physics Network (HEPNET). The usage of the NNDC databases has grown exponentially since then, particularly since the introduction of the Internet.
CONCLUSIONS
The last three years of Sol's career were spent working for the Defense Nuclear Facilities Safety Board. Through his tireless promotion and with the strong support of board member, Dr. Herbert Kouts, a nuclear data component was included in the mandated DOE Nuclear Criticality Safety program. Jim Felty, who worked on this project with Sol, will describe this activity in a following paper.
The secret to Sol's success was his vision and determination. He understood that a data center had to be staffed by experienced professionals with broad knowledge of the data they were analyzing, storing, and disseminating and who recognized the importance of this kind of work. Sol was self-confident and never shirked at a challenge. I recall when he was a part of an NNDC contingent that ran in and completed the New York Marathon for several years. One marathon he completed with an injured leg! He was a born leader. He believed in teamwork and collaboration. He was passionate about his work and motivated others who worked with him. He leaves a legacy in the field of nuclear data that continues to be the basis for all activity in that field, both nationally and internationally. It was the first author's privilege and pleasure to work with and for Sol Pearlstein for more than thirty years and to succeed him as the second head of the National Nuclear Data Center.
